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Abstract 12 
An Aerodyne aerosol mass spectrometer was deployed at five urban schools to 13 
examine spatial and temporal variability of organic aerosols (OA) and positive matrix 14 
factorization (PMF) used for the first time in the Southern Hemisphere to apportion 15 
the sources of the OA across an urban area. The sources identified included 16 
hydrocarbon-like OA (HOA), biomass burning OA (BBOA) and oxygenated OA 17 
(OOA). At all sites, the main source was OOA, which accounted for 62-73% of the 18 
total OA mass and was generally more oxidized compared to those reported in the 19 
Northern Hemisphere. This suggests that there are differences in aging processes or 20 
regional sources in the two hemispheres. Unlike HOA and BBOA, OOA 21 
demonstrated instructive temporal variations but not spatial variation across the urban 22 
area. Application of cluster analysis to the PMF-derived sources offered a simple and 23 
effective method for qualitative comparison of PMF sources that can used in other 24 
studies.  25 
Capsule Abstract 26 
First source apportionment organic aerosols (OA) sources in the Southern 27 
Hemisphere described. The OA was generally more oxidised than those in the 28 
Northern Hemisphere.  29 
Keywords 30 
Aerosol Mass Spectrometry, organic aerosols, urban environments, positive matrix 31 
factorization 32 
 33 
 34 
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1.0 Introduction 35 
In an urban environment, OA have been frequently shown to be the largest 36 
component of ambient particles in the non-refractory PM1 (mass concentration of 37 
particles with a diameter less than 1 µm) (Jimenez et al., 2009) and references 38 
therein). One analytical instrument for quantitative measurements of the chemical 39 
composition of OA with a high temporal resolution is the Aerodyne Aerosol Mass 40 
Spectrometer (AMS) (Canagaratna et al., 2007). One technique, which has been 41 
successfully applied to the OA mass spectra from AMS datasets, is positive matrix 42 
factorization (PMF) (Lanz et al., 2007; Ulbrich et al., 2009). PMF is a quantitative 43 
technique that requires no prior knowledge of the sources before analysis. The 44 
application of PMF has allowed for the variability in the OA to be extracted resulting 45 
in the apportionment of distinct OA factors to better model the source contributions 46 
(Lanz et al., 2007). 47 
 48 
In many urban datasets, the two main components that are extracted by PMF are 49 
hydrocarbon-like OA (HOA), and oxygenated OA (OOA) (Lanz et al., 2007; Ulbrich 50 
et al., 2009; Zhang et al., 2005a). HOA has been shown to be correlated with primary 51 
tracers such as CO and NOx and is considered representative of primary emissions 52 
(Ulbrich et al., 2009; Zhang et al., 2005a). The OOA component is representative of 53 
secondary OA and can be further broken down into two subsets based upon the 54 
degree of volatility and oxidation (Lanz et al., 2007). These sub components are 55 
known as semi-volatile OOA (SV-OOA) and low-volatility OOA (LV-OOA) (Lanz et 56 
al., 2007; Ulbrich et al., 2009). SV-OOA is less oxidised and hence freshly formed 57 
OOA while the LV-OOA is more aged and oxidised OOA, and are usually derived 58 
from regional sources. However, there is a continuum of oxidation levels between 59 
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fresh OOA and the more aged OOA and when this is considered with the dynamic 60 
nature of OA there can be substantial variability in the mass spectra of the factors.  61 
 62 
Thus the OA in an urban environment is highly complex and originates from a 63 
number of local and regional sources. Many of the studies investigating the source 64 
apportionment of OA were conducted based at one site within a city (See e.g. (Brown 65 
et al., 2012; Hersey et al., 2011; Huang et al., 2010), and have been predominantly 66 
carried out in North America and Europe (See (Ng et al., 2010). Therefore, 67 
conducting measurements at a number of locations around one urban area for 68 
extended periods would give more accurate representation of the OA and the spatial 69 
and temporal variation in the source profiles for that urban area. There has been 70 
limited research on the variability of PMF- derived source factors of OA at multiple 71 
sites within one urban environment. Studies that have used an AMS at multiple sites 72 
have been mobile measurements conducted on road and focused on vehicle emissions 73 
(Canagaratna et al., 2004) or with limited time at a particular site (Mohr et al., 2011). 74 
Mohr et al. (2011) found that though the chemical composition of PM1 around Zurich 75 
in winter had a uniform distribution, by sampling at multiple sites the contribution of 76 
local sources could be distinguished. To date there is limited information on the 77 
spectral variability of OA source factors around a city.  78 
 79 
Considering the aforementioned gaps in knowledge, the aim of the current study was 80 
the source apportionment of OA at five locations around the subtropical city of 81 
Brisbane, Australia. Thus the source apportionment of the OA in an urban 82 
environment using PMF was performed, for the first time to the author’s knowledge 83 
in the Southern Hemisphere. The similarities of the mass spectra for the PMF derived 84 
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factors were compared using cluster analysis to quantitatively analyze the variability 85 
in the source profiles between the sites. Conditional probability function is as far as 86 
we know, applied for the first time to PMF- derived factors from AMS OA data to 87 
analyze the direction of the main contributions of sources, and their relationship with 88 
the local sources in this study.  89 
2.0 Method 90 
2.1 Sampling sites and methodology 91 
Brisbane is a subtropical city with a rapidly growing population and as such the 92 
contribution of vehicle emissions and other anthropogenic sources to air pollution is 93 
increasing. An Aerodyne compact Time-Of-Flight Aerosol Mass Spectrometer (TOF-94 
AMS) (Canagaratna et al., 2007; Drewnick et al., 2005) was deployed at five schools 95 
in different suburbs in the metropolitan Brisbane area, which are referred to as S01, 96 
S04, S11, S12 and S25. This study was a part of a larger project at these schools 97 
designed to study the effect of ultrafine particles from traffic emissions on children’s 98 
health (www.ilaqh.qut.edu.au/Misc/UPTECH%20Home.htm). Twenty-five schools 99 
participated in this project, however measurements with the TOF-AMS was 100 
conducted at only five schools due to various logistical reasons. The schools selected 101 
were not near any other large source of air pollution including large infrastructure 102 
projects except traffic emissions. Measurements at S01 and S04 were conducted 103 
during summer whereas for S11, S12 and S25 it was performed in winter. As 104 
Brisbane is a subtropical city, the variation between the seasons is limited.  105 
 106 
Detailed description of the sampling method, meteorology, TOF-AMS operation and 107 
the schools are given in Crilley et al. (Crilley et al., 2013). Briefly, the TOF-AMS was 108 
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housed in a vacant classroom within the school and sampled for 2-3 weeks at each site 109 
with a 5 min interval. The TOF-AMS was calibrated for ion efficiency according to 110 
the standard protocols (Drewnick et al., 2005; Jayne et al., 2000; Jimenez et al., 111 
2003). In addition to the TOF-AMS, a NOx, and CO gas analyser (Ecotech, 112 
Knoxfield, Australia) and an automatic weather station (Monitor Sensor, Caboolture, 113 
Australia) were also deployed at the schools. These instruments were housed within a 114 
trailer at a site within the school grounds reflecting the best overall exposure to the 115 
pollutants present. The trailer site was located between 50-150 m from the classroom 116 
with the TOF-AMS.  117 
2.2 Data Analysis 118 
2.2.1 PMF analysis  119 
The TOF-AMS data was processed and analyzed using Squirrel v1.51 in IGOR Pro 120 
v6.22. Squirrel was used to generate the organic and error matrices in the m/z range 121 
13-300 for subsequent PMF analysis. PMF analysis was applied to the organic 122 
fraction data at each location using PMF2 developed by Paatero and Tapper (1994) 123 
and the PMF evaluation tool (PET) for IGOR Pro as described in Ulbrich et al. 124 
(2009). Pre-treatment of the data prior to PMF analysis as set out in Zhang et al. 125 
(2011) was applied to the organic data from each location. Details of the pre-126 
treatment are presented in Supporting Information, Section S1.1 and Table S1. The 127 
seed and F-peak values were varied to find the best solution. For each site, the F-peak 128 
was found to be at a minimum at zero while the optimum seed varied. The number of 129 
factors chosen at each site was based upon the guidelines described in Ulbrich et al. 130 
(2009) and Zhang et al. (2011).   131 
 132 
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The solution chosen did not necessarily have the lowest Q/Qexp value, as it would 133 
frequently continue to decrease with the number of factors, rather it showed a sharp 134 
decrease in the Q/Qexp value, which indicated that the minimum number of factors has 135 
been obtained (Ulbrich et al., 2009). Also, the scaled residuals for each solution was 136 
checked to ensure that they were normally distributed, centred on zero and with a 137 
reasonable standard deviation (Zhang et al., 2011). For each factor in a solution the 138 
mass spectra, O:C ratio, diurnal cycle, percentage mass contributions and correlations 139 
with other species were examined to further determine the best solution.  140 
 141 
The mass spectra for the factors in a solution were analysed as a further aid in 142 
determining the optimum solution for each site. Firstly, the mass spectra from a 143 
solution were compared with the reference mass spectra from Ng et al. (2011) or 144 
primary source spectra (e.g. (Mohr et al., 2009) by visual inspection. Thus the mass 145 
spectra obtained for a solution had to be matched to a known source profile, and if a 146 
solution contained a mass spectrum that did not resemble a known source profile, then 147 
this solution was rejected. In a solution, if splitting of factors became apparent, by 148 
giving similar or unreal source mass spectra, the solution with a lesser number of 149 
factors was used. In addition, if the a solution contained a factor that accounted for 150 
less than 5% of the mass, then this factor was unlikely to be from a real source, so this 151 
solution was not used (Ulbrich et al., 2009).  152 
 153 
Further validation of the source identification was determined using the O:C ratio, 154 
diurnal cycle and correlations with other species. The O:C ratio was calculated 155 
according to Aiken et al. (2008) for unit mass resolution data and compared to 156 
previous work in the literature (Ng et al., 2010). The diurnal cycle was determined as 157 
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certain sources would be expected to have a distinct diurnal cycle, for example a 158 
bimodal diurnal cycle for the HOA factor. Pearson’s correlations analysis was 159 
performed using SPSS (v19) and each factor was correlated with concentrations of 160 
CO, NOx as well as the AMS determined concentrations of nitrate, sulphate and 161 
ammonium. Thus the combination of these three analyses was used to further support 162 
the source identification of a given factor.  163 
 164 
Where only one OOA type factor was identified, no attempt was made to classify it as 165 
either SV-OOA or LV-OOA as there is no distinct marker to differentiate them. 166 
Where multiple OOA type factors were identified, they were differentiated as either 167 
SV-OOA or LV-OOA depending on the level of oxidation, with the most oxidized 168 
factor classified as LV-OOA and vice versa. Thus it may be more appropriate to label 169 
these factors as less-oxygenated OOA and more oxygenated OOA (Zhang et al., 170 
2011). However the more widely applied nomenclatures of SV-OOA and LV-OOA 171 
were used for consistency across the sites.   172 
2.2.2 Comparison of PMF factors 173 
Once the number of factors was chosen for the PMF solution at each site, cluster 174 
analysis and conditional probability function analysis were applied. Hierarchical 175 
cluster analysis was applied to the mass spectra from of each of the PMF factors 176 
identified at each site, to find the similarities between the factors. Hierarchical cluster 177 
analysis was performed in SPSS v19 using the between groups linkage cluster 178 
method, and a squared Euclidean distance. Conditional probability function (CPF) is 179 
an analysis tool to find the direction of the source contributions. This was 180 
accomplished by combining the wind direction and speed data at each site with the 181 
source contributions from the PMF analysis, as described in Lee and Hopke (2006), 182 
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and also Friend et al. (2011). The differences in the time intervals for the wind and 183 
TOF-AMS data meant that the hourly wind data was applied to each of the TOF-AMS 184 
data point for that hour (Friend et al., 2011) and references therein). CPF analysis 185 
calculates the number of events where the source contribution is greater than the 75th 186 
percentile in a particular direction. Thus the contribution of local sources could be 187 
determined for each location.   188 
3.0 Results and Discussion 189 
3.1 PMF solutions for each school  190 
At each site the number of factors selected varied from two to four and the selected 191 
solutions met the criteria for Q/Qexp, factor mass spectra and the scaled residuals 192 
described in section 2.2.1. A two factor solution was chosen for S01 and S04 as the 193 
OOA factor in the three factor solutions split into two factors with mass spectra that 194 
did not resemble any known sources at both sites. A three factor solution was chosen 195 
for S11 as the four factor solution gave a factor that only accounted for 4.8% of the 196 
mass. At S12, a three factor solution was also selected as splitting of the OOA factor 197 
appeared to occur in the four factor solution. A four factor solution was chosen for 198 
S25 as the additional factor in the five factor solution accounted for less than 5% of 199 
the mass (Ulbrich et al., 2009).  200 
 201 
In Table 1, a summary of the results for each site is given, and includes the O:C ratio, 202 
percentage mass contribution and correlations to other species for the factors 203 
identified. The solution for each site, which included the mass spectra, time series and 204 
diurnal cycles of each factor are given in the Supporting Information (Figures S1-15). 205 
OOA was identified at all of the sites, but was separated into SV-OOA and LV-OOA 206 
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at only two sites. HOA was identified at four of the sites, whereas a BBOA factor was 207 
identified at three of the sites. Representative mass spectra for each of these identified 208 
sources are given in Figure 1. In the next section, the reasons for the source 209 
identification of the PMF-derived factors are outlined.  210 
 211 
Table 1 and Figure 1 212 
3.2 Source identification of the PMF factors 213 
3.2.1 OOA factors  214 
All of the OOA mass spectral profiles identified at all of the sites were characterised 215 
by the prominence of the m/z 44 ion. From Table 1, the OOA factor/s accounted for 216 
between 62-73% of the total OA mass and so was the main OA component at all of 217 
the sites in Brisbane. The percentage of the OA accounted for by the OOA factor/s is 218 
in agreement with other studies in urban environments (Zhang et al., 2011) and 219 
references therein). At S01, S04 and S11 the OOA factor and the SV-OOA and LV-220 
OOA factor mass spectra from S12 and S25 closely resembled the corresponding 221 
standard mass spectrum from Ng et al. (2011). The LV-OOA factor at S12 and S25 222 
was characterized by having a higher concentration of the m/z 44 ion relative to the 223 
other ions and was thus more oxidized.  224 
 225 
Across the sites the oxidation of the OOA factor varied as indicated by the differing 226 
O:C ratios (Table 1). In general, the OOA factor(s) at S11, S12 and S25 had a higher 227 
O:C ratio compared to S01 and S04, indicating that the OOA was more aged at S11, 228 
S12 and S25. The exception was the SV-OOA factor at S12 which had a notably 229 
lower O:C ratio (0.26) than the other OOA factors (Table 1). In Table 2, the O:C 230 
ratios from PMF derived OOA factors is given for selected urban sites for comparison 231 
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with the results from this study. The SV-OOA factor for S12 was the only one that 232 
was within the range (Table 2) reported by Ng et al. (2010) from 43 datasets in the 233 
Northern Hemisphere for SV-OOA. All of the other OOA factors were in or above the 234 
range for LV-OOA from Ng et al. (2010). Therefore the SV-OOA factor for S12 was 235 
likely to be from a different source from the other OOA, and is investigated further 236 
Section 3.3.  237 
 238 
Table 2 239 
 240 
That the O:C ratio for majority of the OOA factors at the sites studied was within the 241 
LV-OOA range from Ng et al. (2010) points to the OOA being highly oxidized in 242 
Brisbane. At S11, S12 and S25 the factor classified as either OOA/LV-OOA had an 243 
O:C ratio that exceeded the LV-OOA range, with S25 recording the highest O:C ratio 244 
for a LV-OOA factor at 1.25. In addition, the ‘SV-OOA’ factor for S25 was in the top 245 
end of the range for LV-OOA (Ng et al., 2010) and was the same as reported for the 246 
LV-OOA factor at another subtropical city, Mexico City (Aiken et al., 2008). In 247 
general, the O:C ratios for the OOA factor/s from this study are higher than the 248 
corresponding factors listed in Table 2. Therefore this indicates that the regional OA 249 
in Brisbane is more oxidized and aged compared to other cities around the world.  250 
 251 
From Table 2, none of the OOA factors were found to be correlated with sulfate; 252 
rather they were generally correlated with nitrate. Sulfate has generally been 253 
associated with more oxidized and regional OOA and nitrate with fresher, less 254 
oxidized OOA (Zhang et al., 2011) and references therein). However, Hersey et al. 255 
(2011) proposed that on a fundamental chemical basis there is no reason why nitrate 256 
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should correlate better with SV-OOA as opposed to LV-OOA. The OOA factors that 257 
were correlated with nitrate had a range of O:C ratios. In addition, at S11, S12 and 258 
S25 the ammonium were highly correlated (r2 > 0.7) with both sulfate and nitrate 259 
whereas at S01 and S04 this was not the case. This indicates, along with the O:C ratio 260 
difference, that there was a distinct difference in the source of the OOA factors that 261 
was probably seasonal as S01, S04 were sampled in summer whereas S11, S12, S25 262 
were sampled in winter. Thus the less oxidized OOA at S01 and S04 may be due to 263 
increased local photochemical SOA formation while at S11, S12 and S25 the OOA 264 
source was more regional (Hersey et al., 2011; Zhang et al., 2011).  265 
 266 
From Table 2 it is apparent that unlike the SV-OOA factor, the LV-OOA factor at 267 
S25 was correlated with nitrate. This indicates that there is a difference in the origins 268 
of the two OOAs. In Figure S16 (Supporting Information) the CPF analysis for OOA 269 
are shown, and revealed that the main source contributions for the two OOA factors at 270 
S25 were from different origins. Therefore the two OOA factors at S25 represent 271 
different regional sources of OA. Apart from at S25, the CPF analysis, as expected 272 
did not provide information about the location of the sources OOA at the other sites. 273 
This is because the OOA was predominately secondary OA and therefore from a 274 
regional source rather than a local point source.  275 
3.2.2 HOA factors 276 
At four of the sites a HOA factor was identified and its mass spectra was 277 
characterized by the presence of the hydrocarbon ion series peaks (m/z 41, 43 , 55, 57 278 
etc) and closely resembled the standard HOA mass spectra given in Ng et al. (2011). 279 
The HOA factors accounted for 20-36% of the OA mass (Table 1) and as such were a 280 
large source of the OA. For all four of the HOA factors the O:C ratios were less than 281 
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0.13 (Table 1), which is in the range expected for HOA in urban locations (Ng et al., 282 
2010) and references therein). At the four sites, the O:C ratios for the HOA factors 283 
also points to vehicle emissions as the source (Chirico et al., 2010). Similar diurnal 284 
cycles for the HOA factors were found (Figures S6-8, S10) in that it did not follow 285 
the bimodal cycle normally associated with vehicle emissions rather that it peaked 286 
only in the morning. A similar diurnal pattern has been observed before for HOA and 287 
the absence of a HOA peak attributed to a general rise in the boundary layer (Sun et 288 
al., 2011; Zhang et al., 2005b). Thus the diurnal cycle of HOA in the current work can 289 
be attributed to local HOA emissions (Zhang et al., 2005b).  290 
 291 
The HOA factors were not correlated with the primary emission tracers CO and NOx 292 
except for at S25 (Table 1). This may be due to the TOF-AMS not being co-located at 293 
the sites with the gas analyzers and CPC. The concentrations of primary source 294 
emissions are expected to be more dynamic than regional sources. Therefore due to 295 
the distance between instruments the concentrations of HOA may have varied, 296 
resulting in the lack of correlation. The inconclusive evidence for the HOA factors by 297 
the correlation analysis with tracer species led the use of conditional probability 298 
function analysis to justify the source identification.  299 
 300 
The most informative results from the CPF analysis were found for the HOA factors, 301 
as they were from a local primary source and are shown in Figure 2. A HOA factor 302 
was identified at four sites with the exception of S12 (Table 1). HOA has been used in 303 
previous work as a surrogate for vehicle emissions in urban environments (Allan et 304 
al., 2010; Sun et al., 2012). As can be seen in Figure 2, the CPF analysis results for 305 
HOA factor from each site show that the main contributions were coming from the 306 
13 | P a g e  
 
roads closest to the AMS at the sites. The diurnal cycle of the HOA factors suggested 307 
local emissions of HOA, and the CPF analysis further confirms vehicle emissions was 308 
the case as the main source contributions were from the nearest roads. At S12 the CPF 309 
results for SV-OOA factor also indicated that main source contributions were from a 310 
surrounding road. The SV-OOA factor at S12 was shown by cluster analysis to be 311 
spectrally similar to the HOA factors (See Section 3.3), and combined with the main 312 
direction of the source being from the surrounding roads, indicates a contribution 313 
from fresh vehicle emissions in this source factor at S12. However, the relatively high 314 
intensity of the m/z 44 ion in the SV-OOA factor at S12 indicates that it has been 315 
aged and the source may be slightly aged vehicle emissions from a nearby arterial 316 
road (1km to the east of the S12). Thus at S12 the SV-OOA factor is likely a mixture 317 
of vehicle emissions from both sources.  318 
 319 
Figure 2 320 
3.2.3 BBOA factors 321 
The BBOA factor identified at the S11, S12 and S25 was characterized by the 322 
presence of the m/z 60 and 73 ions, which have been used as marker for biomass 323 
burning as these peaks are associated with levoglucosan (Ng et al., 2011). At the three 324 
sites the O:C ratio of the BBOA factor was found to vary. S11 and S12 had an O:C 325 
ratio of 0.44 and 0.31, respectively which was comparable to the expected ratio for 326 
BBOA of 0.3-0.4 (Aiken et al., 2008) whereas at S25 the O:C ratio was found to be 327 
lower at 0.1, which is more indicative of cooking OA (COA) (Huang et al., 2010; 328 
Mohr et al., 2009). However the mass spectrum of COA does not generally include 329 
the m/z 60 and 73 ions (Huang et al., 2010; Mohr et al., 2009) therefore the BBOA 330 
factor at S25 may be a mixture of both COA and BBOA. The higher O:C ratio at S11 331 
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compared to the other sites indicated that the BBOA was more aged. That the BBOA 332 
was only indentified at the sites sampled in the winter points to a seasonal influence 333 
that was not due to meteorology but source operation. In Brisbane back burning of 334 
bush land near the city is a common practice during winter, and a seasonal influence 335 
has been noted for Brisbane in biomass burning previously (Friend et al., 2011). Thus 336 
there may be a seasonal trend in the BBOA factor for Brisbane but the limited 337 
seasonal data for this study limits the conclusions that can be drawn in this regard.  338 
 339 
For the BBOA factors when there was a known source of biomass burning, the CPF 340 
analysis detected this contribution (Figure 2). During the sampling at S25 there was a 341 
large bushfire to the west, which was the direction of the BBOA source at this site. 342 
CPF analysis of the SV-OOA factor (Figure S16) and the BBOA factor (Figure 2) at 343 
S25 indicated that largest contributions to these two factors were from the west. This 344 
information along with correlation (r2 of 0.6) of SV-OOA and BBOA factor time 345 
series points to aged OA from bushfires to west of the site as the source of the SV-346 
OOA at S25.  347 
 348 
At S11 and S12 there were no known point sources of biomass burning such as a 349 
bushfire and this indicates that there were multiple source contributions, which 350 
probably includes a discretionary domestic wood burning source such as braziers. The 351 
diurnal cycle of the BBOA factor at S11 and S12 showed evening peaks (Figures S8 352 
and S9), which have previously been attributed to domestic heating (Brown et al., 353 
2012). Overall, the use of CPF analysis on PMF-derived TOF-AMS factors is best 354 
suited for sources that have a distinct geographical origin, such as vehicle emissions 355 
from nearby roads or local bushfires.  356 
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3.3 Cluster Analysis 357 
As many of the same sources were identified across the sites, hierarchical cluster 358 
analysis was used to analyze the similarities in the mass spectrum of the factors 359 
identified at the sites. The results are presented in Figure 3 as a dendrogram. The most 360 
notable aspect from Figure 3 is that the primary OA (POA) and secondary OA (SOA) 361 
have separated into two distinct clusters and are discussed in the following two 362 
sections.  363 
 364 
Figure 3 365 
3.3.1 POA cluster 366 
The POA cluster contains one SV-OOA, all of the HOA and most of the BBOA 367 
factors. As indicated by the low linkage distance, the HOA factors were all very 368 
similar, which points to the same HOA source at the four sites. Clustered with the 369 
HOA factors was the SV-OOA factor at S12 signifying that it was from the same 370 
source but slightly aged; and this acts as further confirmation to the CPF results 371 
discussed in Section 3.2.2. The BBOA factors from S11 and S25 were also found to 372 
be similar as they were clustered together. As these two BBOA factors were also 373 
more similar to the other POA (HOA factors) than the OOA factors, it suggests that 374 
fresh BBOA was the source.  375 
3.3.2 SOA cluster 376 
From Figure 3, the SOA cluster contained the rest of the OOA factors and the BBOA 377 
from S11. Thus the BBOA factor at S11 was more aged compared to the BBOA 378 
factor from S12 and S25, as indicated by the higher O:C ratio for S11 BBOA factor. 379 
The OOA factors from S01 and S04 were similar but distinct from the other OOA 380 
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factors at S11, S12 and S25, therefore pointing to differences in the OOA 381 
composition. From Table 1, the O:C ratio was found to be different for the two 382 
clusters, with the OOA factors from S01 and S04 having a lower ratio compared to 383 
S11, S12 and S25 indicating that the last three sites the OOA were more aged. This 384 
may be a seasonal trend as the measurements at S11, S12 and S25 were conducted in 385 
winter while S01 and S04 were performed in summer. The OOA in summer may be 386 
more influenced by photochemical SOA formation and may therefore be less aged 387 
(Hersey et al., 2011). Also of note from Figure 3 was that the assignment of SV-OOA 388 
and LV-OOA was only relevant for differentiating between the oxidation levels of the 389 
OOA factors identified at a specific site. This can be seen in Figure 3, where the LV-390 
OOA and SV-OOA factors at S11 and S25, respectively were clustered and thus had 391 
similar mass spectra.  392 
4.0 Conclusions 393 
The source apportionment of the OA at five sites in a subtropical city was performed 394 
using PMF, for the first time to our knowledge in the Southern Hemisphere. The 395 
sources identified at each site varied; however the main source at all of the sites was 396 
OOA, accounting for 62-73% of the total OA mass. CPF analysis applied to 397 
determine the direction of the source contributions and aided the source identification 398 
of the primary factors. Cluster analysis was able to group the PMF- derived factors 399 
into POA (containing the HOA and BBOA) and SOA (with the OOA) clusters and is 400 
therefore a simple yet effective method for qualitative comparison of PMF factors 401 
from different sites that could be utilized in future studies. Overall, the SOA factors 402 
were more oxidized than previous results from the Northern Hemisphere and points to 403 
differences in the aging processes or regional sources in the Southern Hemisphere. 404 
Further work is required to confirm this hypothesis.  405 
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Supporting Information  407 
The supporting information contains information on the data pre-treatment prior to 408 
PMF analysis, as well as the mass spectra, time series and diurnal cycles for the 409 
selected PMF solutions at each site.  410 
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 Table 1: Summary of the PMF solutions at each school.  426 
 427 
 
Q/Qexp 
Factor Assignment 
Percentage 
contributions 
O:C 
Correlations  
(r2 > 0.7) 
S01 0.48 
1 OOA 71 0.69 NO3- 
2 HOA 29 0.08  
S04 2.52 
1 OOA 64 0.57 NO3- 
2 HOA 36 0.13  
S11 2.71 
1 OOA 62 0.93 NO3-, NH4+ 
2 HOA 23 0.08 NO3-, NH4+ 
3 BBOA 14 0.44 NO3- 
S12 3.2 
1 SV-OOA 28 0.26 CO, NOx 
2 LV-OOA 45 0.97 NO3- 
3 BBOA 26 0.31 NO3- 
S25 3.14 
1 SV-OOA 32 0.83  
2 LV-OOA 38 1.25 NO3- 
3 HOA 20 0.08 NO3-, CO, NOx  
4 BBOA 10 0.1 NO3- 
 428 
429 
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Table 2: O:C ratios for PMF derived factors SV-OOA and LV-OOA for selected 430 
urban sites around the world. *Huang et al (2010) identified two distinct OOA factors 431 
but did not call them SV-OOA and LV-OOA rather OOA-1 and OOA-2 as they were 432 
unlike the LV-OOA and SV-OOA standard spectra.  433 
 434 
Location  SV-OOA LV-OOA Reference 
Mexico City 0.52 0.83 (Aiken et al., 2008) 
Northern Hemisphere                                                                                                                                                                                                     0.35±0.14 0.73±0.14 (Ng et al., 2010) 
New York 0.38 0.63 (Sun et al., 2011) 
Beijing 0.47* 0.48* (Huang et al., 2010) 
PRD Region, China 0.45 0.59 (He et al., 2011) 
 435 
  436 
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